Background: A simple scoring system is needed to discriminate HCC from patients with chronic liver diseases (CLD). The simplest score would be one that requires only variables that can be documented simply from routine laboratory tests without the need for sophisticated tests.
The current diagnosis of HCC is a multistage process that includes clinical, laboratory, imaging and pathological examinations (Gonzalez and Keeffe, 2011) . The use of AFP as a screening test for early HCC is doubtful on account of its sensitivity of 39-64%, specificity of 76-91%, and low positive predictive value of 9-32% (Lai et al, 2012) . Des-g-carboxy prothrombin (DCP) as well as lens culinaris agglutinin-reactive fraction of AFP (AFP-L3), protein, and a-fucosidase have been developed with the intent to detect HCC (Kew, 2012) . Imaging has a key role in the diagnosis of HCC (Manichon et al, 2012) . The imaging findings are strongly influenced by the methods used, the skill of the examiner, and the quality of the imaging apparatus (Murakami et al, 2001; Choi and Lee, 2010) . The sensitivity and positive predictive value can be as low as 35% and 15%, respectively, in some cases with cirrhosis (Barreiros et al, 2012) . Identification of novel serum biomarkers is an important goal in the diagnosis of cancer, especially for detection and screening in early-stage cancer. The aim of this study was to develop and validate the diagnostic accuracy of HCC-ART score based on age, AFP, aspartate aminotransferase (AST)/alanine aminotransferase (ALT) ratio (AAR), alkaline phosphatase (ALP), and albumin (Alb) for HCC detection in comparison with AFP.
MATERIALS AND METHODS
Patients were divided into two groups based on the time of assessment: the estimation group (n ¼ 1351) and the validation group (n ¼ 2208). The estimation population consisted of patients from the Tropical Medicine Unit (Mansoura University Hospitals, Mansoura, Egypt). In this retrospective study, all patients with chronic hepatitis C were tested positive for the presence of anti-HCV antibodies using ETI-AB-HCVK-3 kit (Sorine Biomedica, Saluggia, Italy) and HCV-RNA using quantitative polymerase chain reaction assay (COBAS Ampliprep/COBAS TaqMan; Roche Diagnostics, Pleasanton, CA, USA). Subjects were divided into two main groups: group I -the HCC group included 227 cirrhotic patients with proved HCC (110 males and 117 females). The diagnosis of HCC in those patients was carried out according to the American Association for the Study of Liver Diseases (AASLD) Practice Guidelines (Bruix and Sherman, 2005) . The diagnosis of HCC was based on AFP levels X400 U l À 1 , presence of hepatic focal lesion (s) detected by liver ultrasound (US), and confirmed by computed tomography (CT) and/or magnetic resonance imaging (MRI) techniques. The final diagnosis was confirmed by histopathologic analysis on US-assisted fine-needle biopsy, when indicated. Hepatocellular carcinoma staging was conducted as follows: CLIP score, based on four items and with a score ranging from 0 to 6. These four items included: (I) Child-Pugh stage (A ¼ 0, B ¼ 1, and C ¼ 2) (Pugh et al, 1973) ; (II) tumour morphology (uninodular o50%, 0; multinodular o50%, 1; and massive or 450%, 2); (III) AFP level (o400 U L À 1 , 0; 4400 U L À 1 , 1); and (IV) presence of portal vein thrombosis (no, 0; yes, 1) (CLIP, 2000) . Group II -The non-malignant chronic liver disease (CLD) group included 1124 patients with chronic hepatitis (836 males, 288 females). Diagnosis of CLD in this group was based on the standard clinical, biochemical, and ultrasonographic criteria, as well as the pathological data. Metavir scoring system was used to stage fibrosis (F0-F4) (Poynard et al, 1997) . Fibrosis was scored on a five-point scale: F0, no fibrosis; F1, portal fibrosis alone; F2, portal fibrosis with rare septae; F3, portal fibrosis with many septae; and F4, cirrhosis. A questionnaire of several items was completed for every patient and histological data was obtained at liver biopsy. Patients with the following conditions were excluded from the study: presence of other causes of liver diseases, hepatitis B virus (HBV) infection, or other suspected malignancies. None of the HCC patients had received transarterial embolisation or chemotherapy or underwent radiofrequency ablation or surgical interference.
Validation study. The clinical and pathological classification adopted for validation study was the same as those used in patients in the estimation study. All patients and controls signed an informed written consent after having explained about the aim and details of the study. The HCC-ART score was applied to a validation group comprising 2208 patients to confirm the accuracy and reproducibility in a subsequent different, but related group of patients. Patients included in the validation study were divided into two main groups: group I -the HCC group included 537 patients (417 males, 120 females) from Damietta Oncology Center, Damietta, Egypt; group II -the non-malignant CLD group included 1671 patients with chronic hepatitis (1273 men, 398 females) from Tropical Medicine Unit, Faculty of Medicine, Mansoura University, Mansoura, Egypt. It also included more F4 patients, such as child A (83 patients) and child B (25 patients). The study protocol was approved by the Institutional Review Committee and conformed to the ethical guidelines of the 1975 Helsinki Declaration.
Laboratory tests. Fasting blood samples were collected from all patients and divided into three parts; one part was collected without an anticoagulant. Sera were separated and tested fresh for liver function tests. Liver function tests such as Alb, AAR, and ALP were measured on an automated biochemistry analyzer (Hitachi 917; Roche Diagnostics). a-Fetoprotein level was performed by chemiluminescence, with Immulite AFP (1000) kit (Diagnostic Products Corporation, Los Angeles, CA, USA). In addition, serologic tests were carried out for HCV using commercial ELISA kits (ETI-AB-HCVK-3 kit; Sorine Biomedica, Suluggia, Italy). The second part of blood was drawn into KEDTA tubes for complete blood count. Complete blood count was performed on KX-21 Sysmex automated hematology analyzer (Sysmes Corporation, Kobe, Japan). The third portion was treated with a citrate solution for prothrombin-INR (international normalised ratio).
Statistical analysis. All statistical analyses were carried out by a Statistical Package for the Social Sciences (SPSS), version 15.0 on Microsoft Windows XP (SPSS Inc., Chicago, IL,USA). Continuous variables were expressed as mean±s.d., whereas categorical variables were expressed as numbers (percentages). A value of Po0.05 was considered statistically significant. The correlation was evaluated by Pearson's correlation coefficient. All analytes had a gaussian distribution in patients with liver diseases; the deviation of AFP was successfully corrected by log transformation of the data. Patients were divided into several groups. The main end point was the identification of patients with HCC vs liver cirrhosis (F4). In secondary analyses, patients were also classified into liver fibrosis (F1-F3) and no liver fibrosis (F0). First, factors that differed significantly between these groups were identified by univariate analyses: w 2 , analysis of variance, Student's t-test, or Mann-Whitney U-test. The independent discriminative value of blood markers for the diagnosis of HCC was then assessed by ROC curves and stepwise multivariate discriminant analysis. The third step was to construct a score that combined the independent factors. The best score for discrimination was the logistic regression function that combined the most discriminatory independent factors. The best cutoff values for optimal prediction of HCC were determined from the ROC curves. To develop a simplified score, we have found different derived simplified scores for the assessment of liver fibrosis stages without coefficients such as King's score (Cross et al, 2009 ), FIB-4 (Vallet-Pichard et al, 2007 , FibroQ (Hsieh et al, 2009) , and FCI score (Ahmad et al, 2011) . In our study, markers used in the original HCC-ART were combined to derive simplified score to predict HCC. So this simplified score is different from the HCC-ART original score with coefficients. In the simplified HCC-ART score, we put the positive correlation parameters (age, log AFP, AST/ALT ratio, and ALP) in the numerator and negative correlation parameters (Alb) in the denominator to formulate a simplified score. Common indicators of the candidate blood markers and the model performance (sensitivity, specificity, efficiency, and positive and negative predictive values) were derived from a 2 Â 2 contingency table.
RESULTS

Patient characteristics.
The clinical background of HCC and nonmalignant CLD patients in the estimation group are shown in Table 1 . Hepatocellular carcinoma patients were older than the CLD patients. Hepatocellular carcinoma patients produced a range of AFP values from normal to more than 35 268 U l À 1 . Normal AFP levels are present in as many as 13% of patients at time of diagnosis and usually remain low, even with advanced HCC. a-fetoprotein 4400 U l À 1 is considered diagnostic for HCC; 41% of HCC patients may generate levels that are high. With values of that magnitude, the specificity of AFP is close to 99%. The main end point was the identification of patients with HCC vs patients with liver cirrhosis. Univariate analysis of all variables tested in the estimation study revealed that ALT, platelet count, and prothrombin-INR were nonsignificantly (P40.05) between HCC and liver cirrhosis patients.
Diagnostic performance of AFP and candidate markers. The AUC was calculated for providing the accuracy of the routine blood markers for differentiating HCC from liver cirrhosis ( Figure 1A ). The AUC of candidate HCC markers is in the order of Alb (0.85)4ALP (0.76)4age (0.75)4AAR (0.73)4AFP (0.72). Univariate logistic regression analysis of the variables tested in the estimation group set revealed that AFP, AAR, age, ALP, and Alb were associated with HCC. The total bilirubin was then excluded from subsequent analysis. Receiver operating characteristic curves showed that the optimum diagnostic cutoff for AAR, AFP, ALP, age, and Alb were 1.2, 400, 140, 50, and 35, respectively, with odds ratio (95% CI) of 5.3, 115, 11.6,7.4, and 79, respectively.
Predictive model. We developed a novel index for discriminating patients with HCC named HCC-ART. It can be represented as:
There is no correlation between measured AFP levels and other candidate markers used in the HCC-ART score. They are not related, which means that there is no redundancy and that they explore different biochemical abnormalities associated with the two conditions. There is correlation between measured HCC-ART score and blood markers used in the score ( Figure 1B) . The relationship between liver diseases (F0, F1-F3, F4, and HCC) and HCC-ART score is illustrated in ( Figure 1C ). The mean ± s.d. of HCC-ART score in no liver fibrosis (F0), liver fibrosis (F1-F3) liver cirrhosis (F4), and HCC were 1.95 ± 0.13, 2.1 ± 0.13, 2.25±0.19,3.02±0.38, respectively. The HCC-ART can be used equally effectively in both men and women without significant difference (P40.05). This model provides a high AUC (0.99%) for the prediction of HCC ( Figure 1D ). Similarly, the area under the ROC of HCC and other negative controls (liver fibrosis (F1-F3)) and no liver fibrosis (F0) were 0.99 and 1.0 for HCC-ART ( Figure  1E and F). On the basis of the ROC analysis, the optimal cutoff point for HCC-ART to differentiate HCC from non-malignant CLD was 2.5 with odds ratio of 810. At this cutoff, the sensitivity, specificity and accuracy for differentiating HCC from nonmalignant liver cirrhosis were 97%, 96%, and 96%, respectively (Table 2) . Absolute specificity (100%) was obtained to discriminate HCC from liver fibrosis (F1-F3) and no liver fibrosis (F0). Table 2 presents the calculated sensitivities, specificities, diagnostic accuracy, and positive and negative predictive values for the HCC-ART compared with AFP at 400 U l À 1 . The values were based on the differentiation between cirrhosis and HCC. The detection using an HCC-ART produced better sensitivity (97%) and specificity (96%) compared with 41% and 99% for AFP at 4400 U l À 1 . Absolute specificity (100%) was obtained to discriminate HCC from liver fibrosis (F1-F3) and no liver fibrosis (F0) ( Table 2) .
Diagnostic performances of HCC-ART score without coefficient. To simplify HCC-ART, we devised a novel index, called simplified HCC-ART without numerical constant and coefficients: simplified HCC- Table 2 presents the calculated sensitivities, specificities, diagnostic accuracy, and positive and negative predictive values for the simplified HCC-ART at a selected cutoff score ¼ 280 (i.e. o280 indicated absence of HCC and 4280 indicated presence of HCC). Receiver operating characteristic curves of simplified HCC-ART showed AUC of 0.95, sensitivity of 92%, and specificity of 91% in the estimation group.
Validation study. The HCC-ART was further assessed for their diagnostic power and discriminative ability in an independent and larger validation set. The clinical background of HCC and nonmalignant CLD patients in the validation group is shown in Table 3 . The majority of liver cirrhosis patients were classified as compensated liver function Child-Pugh Class A, 420 (94%) and Child-Pugh Class B, 25 (6%). The majority of HCC patients were ; total bilirubin up to 1 mg%; platelet count 150-400 ( Â 10 9 l À 1 ); and a-fetoprotein up to 10 U l À 1 .
classified as minimal or intermediate according to the CLIP staging. Overall, 128 out of 537 (24%) patients had CLIP 1, 255 of 537 (47%) had CLIP 2, 122 of 537 (23%) had CLIP 3, 29 of 537 (5%) had CLIP 4, and 3 of 537 (1%) had CLIP 5. The diagnostic value of the HCC-ART was still high, with an area under the ROC curve for discriminating patients with HCC from those with liver cirrhosis was 0.95; for discriminating patients with HCC from patients with F1-F3 was 1.0; and for discriminating patients with HCC from patients with F0 was 1.0 ( Figure 2B and Table 4 ). The diagnostic power of the HCC-ART in tumour burden features, vascular invasion, size of nodules, and CLIP score across the validation group was reported in Table 4 . The values were based on the differentiation between cirrhosis (child A and child B) and tumour burden of HCC. The AUC for HCC-ART in patients with HCC who had only single tumour, absent vascular invasion, size 2 cm or less, and CLIP (0-1) were 0.95, 0.93, 0.86, 0.87, respectively, compared with 0.72, 0.71, 0.71, 0.50, respectively, for AFP (Figure 2) . Table 5 presents the calculated sensitivities, specificities, and diagnostic accuracy for AFP (at cutoff 400 U l À 1 ).
The diagnostic power of AFP alone in tumour burden features, vascular invasion, size of nodules, and CLIP score across the validation group appeared inferior to that of the HCC-ART. We used CLIP score (0-1) to define early stages of HCC. To stage patients in the CLIP score, multiple clinical indexes, such as ChildPugh score, tumour morphology, AFP level and presence of portal vein thrombosis, are taken into account. The AFP sensitivity was 1 for CLIP 0-1 and can be explained as follows: CLIP score used a high constant value of AFP (400 U l À 1 ), which is not common with early (CLIP 0-1) cases of HCC. The value of AFP in 127 HCC cases with child B and had CLIP score 0-1 was o400 U l À 1 , and then AFP was not diagnostic for these cases. The value of AFP was more than 400 U l À 1 in only one case (child A). Then, the final sensitivity was o1% (Table 5 ). The mean ± s.d. of AFP for the total 128 cases was 25.4±49.5 U l À 1 . Table 6 shows the results of the simplified score. Receiver operating characteristic curves of simplified HCC-ART showed AUC of 0.91, sensitivity of 83%, and specificity of 86% in the validation group. When simplified HCC-ART was applied to HCC patients with only single tumour, absent vascular invasion, size 2 cm or less and CLIP (0-1), the results were reproduced without significant differences (P40.05).
DISCUSSION
Hepatocellular carcinoma is strongly linked to hepatitis B virus and hepatitis C virus. In Egypt, prevalence's for HBV and HCV infection were 6.7% and 13.9%, respectively, among healthy populations, and 25.9% and 78.5%, respectively, among HCC cases. Adults had higher prevalence's of both infections (adult HBV ¼ 8.0%, child HBV ¼ 1.6%; adult HCV ¼ 15.7%, child HCV ¼ 4.0%) (Lehman and Wilson, 2009 
) at cutoff X280. ; total bilirubin: up to 1 mg%; platelet count 150-400 ( Â 10 9 l À 1
) and a-fetoprotein up to 10 IU ml
.05 is considered nonsignificant and Po0.05 is considered significant; the reference groups for P-values were HCC vs F4. tumour burden but is also adversely influenced by impaired liver function secondary to the underlying pathogenic condition (Tandon and Garcia-Tsao, 2009 ). Several staging systems have been proposed to predict patient prognosis, including parameters such as functional liver reserve, performance status, circulating tumour markers, and extent of spread of the primary tumour (Bruix et al, 2001 ). Several models to guide prognosis in HCC have been developed, each one including parameters reflecting both liver dysfunction and tumour stage. None of these previous prognostic indices are considered ideal, and despite the increasing number of published comparative studies, there is no consensus on the optimal system that should be utilised (Camma and Cabibbo, 2009) . Our study was undertaken to develop a clinically useful HCC-ART score for the diagnosis of patients with HCC.
To maximise the clinical use of this score, HCC-ART was designed to include simple, non-invasive, and routinely measured markers. There are no reports examining the diagnostic value of these markers (age, AFP, AAR, ALP, and Alb) combined in a score for the diagnosis of HCC. It has been hypothesised that an ageassociated decrease in DNA repair contributes to the development of HCC (Goukassian et al, 2000; Anisimov, 2007) . Chronic hepatitis or cirrhosis raise AFP in 20% and 40% of patients, respectively, and tend to fluctuate in parallel with underlying inflammatory activity (Johnson, 2001 ; Kashyap et al, 2001 ). Also, ALT and AST ratio levels were significantly associated with the incidence of HCC (Dufour et al, 2000) . Elevated AST activity is a surrogate marker for cirrhosis because of reduced plasma clearance of AST secondary to impaired function of sinusoidal cells (Park et al, 2000) . Elevation of ALP enzyme can suggest intrahepatic or extrahepatic biliary obstruction, and occurs in hepatocellular injury to a lesser degree. Alkaline phosphatase has also been included in the Chinese University Prognostic Index (Yu et al, 2011) . Albumin is an important factor for use in several scoring systems, such as the Child-Pugh and CLIP score systems (Ishizuka et al, 2012) . The Alb levels at any time reflect its rate of synthesis but is not specific for liver disease and may occur in protein malnutrition, nephrotic syndrome, and chronic protein losing enteropathies (Rothschild et al, 1983) . It is interesting to note that all of these blood markers are affected by liver inflammation and that none are precursors of liver fibrosis. In this study, the sensitivity and specificity of AFP for differentiating HCC from liver cirrhosis at a cutoff value of 400 U l À 1 were 41% and 99%, respectively. Hepatocellular carcinoma can produce a range of AFP values from normal to 4100 000 U l À 1 (Koteish and Thuluvath, 2002) ; AFP 4400-500 U l À 1 is considered diagnostic for HCC, although fewer than half of patients may generate levels that are high (Bialecki and Di Bisceglie, 2005) . With values of that magnitude, the specificity of AFP is close to 100% but at a cost to the sensitivity, which falls below 45% (Gupta et al, 2003) . This study used large number of patients to develop and validate a simple score predictive of HCC in chronic hepatitis C. In this study, after assessing a set of eight potential blood markers of HCC, we developed a predictive model consisting of age and four routine laboratory tests (AFP, AAR, ALP, and Alb). At the best cutoff, AUC, sensitivity, specificity, and accuracy for differentiating HCC from non-malignant liver cirrhosis were 0.99, 97%, 96%, and 96%, respectively. Absolute specificity (100%) was obtained to discriminate HCC from liver fibrosis (F1-F3) and F0. It is not easy to distinguish HCC from liver cirrhosis by imaging examination of the liver, procedures that to our knowledge can reach 50% efficiency (Patel et al, 2012) . Hepatocellular carcinoma-AFP-routine test showed a diagnostic sensitivity for HCC of 97%, higher than or comparable with that of other, sometimes invasive tools, including instrumental approaches. The diagnostic sensitivity of US was 84%; CT for HCC was 79%; and that of MRI was 77% (Liovet et al, 1998) . When combining the diagnostic ability of the different imaging modalities, the diagnostic sensitivity of US and MRI was 90%, whereas addition of US to CT and MRI had a sensitivity of 82% and 88%, respectively (Alaboudy et al, 2011) . The diagnostic sensitivity of cytology by fine-needle aspiration biopsy for HCC may vary from 60 to 90%, depending on the size of the lesion, on the examiner, and on the diameter of the puncturing needle (Franc¸a et al, 2003) . There is a need to develop non-invasive, sensitive blood marker to improve the early detection of HCC (Attallah et al, 2011; Kumada et al, 2011) . The sensitivity and specificity for AFP were 61% and 71%; for AFP-L3 were 37% and 92%; and for DCP were 39% and 90%, respectively. Values increased when AFP values were combined with AFP-L 3% and DCP to 77% and 59%, respectively (Sterling et al, 2009) . Hepatocellular carcinoma-AFP-routine test score is much simpler and practical score than other scores such as the one developed by Castaldo et al (1995) and the other one developed by Ishida et al (2010) . These scores showed lower sensitivity of 85% compared with our score of 97% and lower specificity of 74% vs 96%. We used CLIP score HCC-ART score to diagnose HCC, especially those with earlystage disease. Receiver operating characteristic curves of simplified HCC-ART (without coefficient) showed AUC of 0.95, sensitivity of 92%, and specificity of 91% in the estimation group, and 0.91, 83%, and 86%, respectively, in the validation group. Hepatocellular carcinoma-AFP-routine test score was developed and validated in Egyptian patients. Because the clinical characteristics included are common to clinical guidelines prepared by the American ) Â 0.015) at cutoff X2.5.
Association for the Study of Liver Diseases, this score might be applicable to non-Egyptian patients. The simplest score would be one that requires only variables that can be documented simply from routine laboratory tests without the need for sophisticated tests. Therefore, clinicians should consider using HCC-ART as diagnostic biomarkers for small HCC tumour size or as additional markers in HCC surveillance programme using ultrasonography. In addition, it is highly important to know whether this score will decrease in response to HCC therapy and reductions in tumour burden. ) at cutoff X280.
